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CONVERSION FACTORS AND VERTICAL DATUM 

Multiply By To obtain 
Length 

inch (in.) 2.54 centimeter 
foot (ft) 0.3048 meter 

mile (mi) 1.609 kilometer 
Area 

square mile (mi2) 2.590 square kilometer 

Flow rate 
cubic foot per second (ft3/s) 0.02832 cubic meter per second 

cubic foot per second per square mile 0.01093 cubic meter per second per square kilome-
[(ft3/s)/mi2] ter 

Temperature in degrees Fahrenheit (oF) may be converted to degrees Celsius (oF) as follows: 

oC = (oF - 32) / 1.8 

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum 
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level 
Datum of 1929. 

IV Contents 



ESTIMATING MAGNITUDE AND FREQUENCY OF 
PEAK DISCHARGES FOR RURAL, UNREGULATED, 
STREAMS IN WEST VIRGINIA 
by Jeffrey B. Wiley, John T. Atkins, Jr., and Gary D. Tasker 
Abstract 

Multiple and simple least-squares regression 
models for the log10-transformed 100-year dis
charge with independent variables describing the 
basin characteristics (log10-transformed and 
untransformed) for 267 streamflow-gaging sta
tions were evaluated, and the regression residuals 
were plotted as areal distributions that defined 
three regions of the State, designated East, North, 
and South. Exploratory data analysis procedures 
identified 31 gaging stations at which discharges 
are different than would be expected for West Vir
ginia. Regional equations for the 2-, 5-, 10-, 25-, 
50-, 100-, 200-, and 500-year peak discharges 
were determined by generalized least-squares 
regression using data from 236 gaging stations. 
Log10-transformed drainage area was the most 
significant independent variable for all regions. 

Equations developed in this study are appli
cable only to rural, unregulated, streams within 
the boundaries of West Virginia. The accuracy of 
estimating equations is quantified by measuring 
the average prediction error (from 27.7 to 44.7 
percent) and equivalent years of record (from 1.6 
to 20.0 years). 

Introduction 

Many engineering projects are built within or adjacent 
to flood-prone areas. Information on past flooding and 
estimates of the magnitude and frequency of potential 
future floods are critical to the safe and economical 
design of hydraulic structures such as bridges, cul
verts, dams, and flood dikes and levees. To provide 
such information and estimates needed for the design 
of structures that will meet existing or proposed safety 
standards, yet not incur excessive costs because of 
overdesign, the U.S. Geological Survey (USGS), in 
cooperation with the West Virginia Department of 
Transportation, Division of Highways, revised previ
ously developed equations for estimating the magni
tude and frequency of peak discharges on rural, 
unregulated streams in West Virginia. The results of 
this study supercede those published by Runner 
(1980b). 

The report presents newly revised equations for 
estimating the peak discharges of the 2-, 5-, 10-, 25-, 
50-, 100-, 200-, and 500-year recurrence interval 
floods on rural, unregulated, streams in West Virginia. 
The report documents the information used to estimate 
the magnitude and frequency of flooding. The docu
mentation includes the history of regional flooding in 
West Virginia, the climatic conditions affecting flood
ing in the State, the results of previous studies, the 
quality of peak discharge data, and the quality and 
extent of basin characteristics data. The statistical 
methods used in the analyses here are described to 
support the reliability of the application of the result
ing equations to West Virginia streams. The accuracies 
of the equations are discussed to provide project 
designers with estimates of the uncertainty of peak 
discharges calculated by the use of the equations. 

The equations should not be applied to urban 
areas having paved surfaces, concrete channels, or cul-
Abstract 1 



verts. The equations should not be applied to streams 
regulated by dams, or large lakes and ponds. Equations 
are not applicable to heavily mined areas if excessive 
runoff is diverted into or outside the basin, retained 
along strip benches, or retained underground. Equa
tions are not applicable to karst areas if excessive run-
off is diverted into, outside, or within the basin 
through solution channels or other cavities in carbon-
ate (limestone and dolomite) rocks. 

Description of Study Area 
West Virginia is in the mid-Atlantic region of the east-
ern United States (fig. 1), and can be differentiated by 
three physiographic provinces and two climatic 
regions. The three physiographic provinces are the 
Appalachian Plateaus, Valley and Ridge, and Blue 
Ridge. Airmasses move across the State such that two 
climatic regions can be identified by a line defined in 
this report as the Climatic Divide. 

Physiographic Provinces. Generally, the 
part of the State west of the Climatic Divide is in the 
Appalachian Plateaus Province, where altitudes 
decrease northwestward from about 3,000-4,860 ft 
(Spruce Knob) along the Climatic Divide to about 
500-700 ft along the Ohio River. The part of West Vir
ginia east of the Climatic Divide is in the Valley and 
Ridge Province, except for the extreme eastern tip of 
the State, which is in the Blue Ridge Province. Alti
tudes decrease from the Climatic Divide to about 
250 ft (at Harpers Ferry) in the eastern panhandle 
(U.S. Geological Survey, 1990). 

The Appalachian Plateaus Province consists of 
consolidated, mostly noncarbonate sedimentary rocks 
that have a gentle slope from southeast to northwest 
near the Climatic Divide and are nearly flat-lying 
along the Ohio River. The one exception is the north-
eastern area of the Province (west of the Climatic 
Divide), where the rocks are gently folded and some 
carbonate rock crops out (Fenneman, 1938). The rocks 
in the Appalachian Plateaus Province have been 
eroded by streams to form steep hills and deeply 
incised valleys in dendritic patterns. 

The Valley and Ridge Province in West Virginia 
consists of consolidated carbonate and noncarbonate 
sedimentary rocks that are folded sharply and exten
sively faulted (Fenneman, 1938). Northeast-trending 
valleys and ridges parallel the Climatic Divide in a 
trellis pattern. 

The Blue Ridge Province consists of metamor
phic rocks. The Province has high relief between 
2 Estimating Magnitude and Frequency of Peak Discharges for Ru
mountains and wide valleys that parallel the Climatic 
Divide. Within West Virginia, the rocks are predomi
nantly metamorphosed sandstone and shale (Fenne
man, 1938). 

Climate. The climate of West Virginia is pri
marily continental, with mild summers and cold win
ters. Major weather systems generally approach from 
the west and southwest, although polar continental air-
masses of cold, dry air that approach from the north 
and northwest are not unusual throughout the State. 
Airmasses from the Atlantic Ocean sometimes affect 
the area east of the Climatic Divide. Generally, tropi
cal continental masses of hot, dry air from the south-
west affect the climate west of the Climatic Divide. 
Tropical maritime masses of warm, moist air from the 
Gulf of Mexico affect the climate east of the Climatic 
Divide. Land-recycled moisture through evaporation 
from local and upwind land surfaces, lakes, and reser
voirs also affects the climate of the state (U.S. Geolog
ical Survey, 1991). 

Precipitation.--Annual precipitation averages 
42 in. statewide with about 60 percent received from 
March through August. July is the wettest month, and 
September through November are the driest. Annual 
precipitation in the State generally decreases north-
westward from about 50-60 in. along the Climatic 
Divide to about 40 in. along the Ohio River, and is 
about 40 in. east of the Climatic Divide. Greater pre
cipitation along and west of the Climatic Divide is a 
consequence of the higher elevations along the Divide 
and the general movement of weather systems 
approaching from the west and southwest. Annual 
snowfall follows the general pattern of annual precipi
tation, decreasing northwestward from about 
36-100 in. along the Climatic Divide to about 20-30 
in. along the Ohio River. Annual snowfall is about 
24-36 in. east of the Climatic Divide. (U.S. Geological 
Survey, 1991; U.S. Department of Commerce, 
1960, 1968) 

Flooding.--Flooding across large drainage areas 
results from regional climatic events like frontal sys
tems in winter and early spring, rainfall on snowpack 
in early spring, and tropical cyclones (hurricanes and 
tropical storms) in late summer or early fall. Generally, 
the most severe flooding across small drainage areas 
results from local intense thunderstorms in late spring 
through summer (Doll and others, 1963). 
ral, Unregulated, Streams in West Virginia 



OVINCE

Figure 1. Physiographic provinces and Climatic Divide in West Virginia.
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Regional Historical Floods
Before 1930, neither floods nor streamflow in West 
Virginia were systematically documented. Since 1930, 
data on regional flooding has been collected as part of 
the operation of a Statewide stream-gaging network 
supported by State and Federal funding. Local floods 
on small, ungaged watersheds remain only sparsely 
quantified. Major regional floods affecting West Vir-
ginia occurred in 1844, 1877, 1878, 1888, 1889, 1912, 
1918, 1932, 1936, 1949, 1963, 1967, 1977, 1984, 
1985, and 1996. For floods prior to 1930, the regional 
extent is not defined, but may have affected other riv-
ers in the region. Locations of selected West Virginia 
streams are shown in Figure 2, supplementing infor-
mation presented in Figure 1 to assist with discussions 
of historical floods. 
4 Estimating Magnitude and Frequency of Peak Discharges for 
July 1844.--Flooding was recorded by Speer and 
Gamble (1965, p. 148) on the Cheat River. This flood 
is about equal in magnitude to that in July 1888 and 
May 1996.

November 1877.--Flooding was recorded by 
Tice (1968, pp. 488, 490) on the South Branch Poto-
mac River. This flood was about equal in magnitude to 
that in March 1936 and September 1996.

September 1878.--Flooding was recorded by 
Speer and Gamble (1965, pp. 284-288) on the New 
River.

July 1888.--Flooding was recorded by Speer and 
Gamble (1965, pp. 121, 138, 146-149) on the Monon-
gahela River. This flood was about equal in magnitude 
to that in July 1844 on the Cheat River, and May 1996 
on the Cheat and upper Monongahela River.
 

 

Figure 2. Selected streams in West Virginia.

38o

40o

82o

39o

80o

78o

River

M
on

on
ga

he
la

Bi
g 

Sa
nd

y

R
iver

Bluest
on

e 
r

Ri
ve

River

G
re

en
br

ie
r R

iv
er

N
ew

GauleyRiver

Rive
r

River

River

R
iver

R
iver

Nor
th

Bra
nc

h

Potomac

So
ut

h
Br

an
ch

Valley

Riv
er

Cheat

W
es

t F
or

k

Elk

Tug Fork

Hydrology modified from U.S. Geological Survey 
1:100,000 scale digital stream network

R
iv

er

G
uyandotte

Kanaw
ha

Kanawha

Little

OHIO

RIV
ER

20

20

40 MILES

40 KILOMETERS

0

0

Rural, Unregulated, Streams in West Virginia



July 1888.--Flooding was recorded by Speer and 
Gamble (1965, pp. 121, 138, 146-149) on the Monon
gahela River. This flood was about equal in magnitude 
to that in July 1844 on the Cheat River, and May 1996 
on the Cheat and upper Monongahela River. 

May-June 1889.--Flooding was recorded by 
Tice (1968, pp. 480, 490, 494, 497) on the North 
Branch Potomac River. This flood was about equal in 
magnitude to that in March 1936 and September 1996. 

July 1912.--Flooding was recorded by Speer and 
Gamble (1965, pp. 118, 121, 127-128) on the Tygart 
Valley River. 

March 1918.--Flooding was recorded by Speer 
and Gamble (1965, pp. 298, 310) on the Greenbrier 
and Gauley Rivers. 

February 1932.--Flooding was recorded by 
Speer and Gamble (1965, pp. 119, 121, 129, 295, 298, 
304, 307, 310) on the Tygart, Greenbrier, and Gauley 
Rivers. 

March 1936.--Flooding was recorded on the 
Potomac and Cheat Rivers. This flood, which is docu
mented by Grover (1937) as having a regional extent 
including the upper Ohio, Potomac, and James Rivers 
(the James River in Virginia), was caused by four sep
arate cyclonic storms passing over the northeastern 
United States, resulting in multiple peak discharges 
and superposition of later peak discharges on earlier 
peak discharges. This flood was about equal in magni
tude to that in September 1877, May-June 1889, and 
September 1996 on the Potomac River. 

June 1949.--Flooding was recorded by Tice 
(1968, pp. 483-488) on the South Branch Potomac 
River. 

March 1963.--Flooding was recorded on the Big 
Sandy (including the Tug Fork in West Virginia), 
Guyandotte, Little Kanawha, Cheat, and Greenbrier 
Rivers. This flood, which is documented by Barnes 
(1964) as having affected the western slopes of the 
Appalachian Mountains from Alabama to West Vir
ginia, was caused by three separate frontal storms in 
which rain fell on a snowpack, followed by two addi
tional storms. 

March 1967.--Flooding was recorded on the 
Kanawha and Monongahela Rivers. This flood was 
caused by 4-5 in. of rainfall over three days augmented 
by runoff from melting snow (U.S. Geological Survey, 
1991). 

April 1977.--Flooding was recorded on the Tug 
Fork and Guyandotte Rivers. This flood is docu
mented by Runner (1979), and Runner and Chin 
(1980) as having affected northeastern Tennessee, 
southwestern Virginia, eastern Kentucky, and southern 
West Virginia. This flood resulted from a frontal storm 
that moved southeastward through the region, became 
stationary, then moved slowly northwestward with 
heavy rainfall. The highest peak discharges ever 
recorded on the Tug Fork and Guyandotte Rivers 
resulted from this storm. 

May 1984.--Flooding was recorded on the Tug 
Fork and Guyandotte Rivers (U.S. Geological Survey, 
1991). 

November 1985.--Flooding was recorded on the 
Monongahela, Potomac, upper Little Kanawha, upper 
Elk, and upper Greenbrier Rivers. This flood is docu
mented by Lescinsky (1987) and Carpenter (1990) as 
having affected eastern West Virginia, western and 
northern Virginia, southwestern Pennsylvania, and 
western Maryland. This flood resulted from a complex 
sequence of meteorological events. Hurricane Juan 
moved from the Gulf of Mexico through southern 
Mississippi, ultimately causing precipitation as far 
north as Michigan and generating less than 2 in. of 
rainfall in West Virginia. This rainfall was caused by a 
second low pressure system developing from the hur
ricane remnants. The low pressure developed near the 
Tennessee-North Carolina border and traveled rapidly 
eastward to the Atlantic Ocean. A third low pressure 
system moved from the Gulf of Mexico into the Flor
ida panhandle and moved slowly up the east coast of 
the United States, resulting in additional rainfall of up 
to 9 in. in West Virginia. The highest peak discharges 
ever recorded on the upper Monongahela and Potomac 
Rivers resulted from this flood. 

January 1996.-- About 2 in. of rain fell on a 
3-4 ft snowpack resulting in flooding in the upper 
Potomac, upper Cheat, upper Elk, and Greenbrier 
Rivers. 

May 1996.--A frontal storm caused flooding on 
the Cheat and upper Monongahela River about equal 
in magnitude to that on the Cheat River in July 1844 
and July 1888. 

September 1996.--Tropical storm Fran caused 
regional flooding on the upper Potomac River. This 
flood was about equal in magnitude to that in Novem
ber 1877 on the South Branch Potomac River, in May-
June 1889 on the North Branch Potomac River, and 
March 1936. 
Introduction 5 



Previous Studies 
Studies completed in 1969, 1970, 1971, and 1980 for 
flooding in West Virginia lacked data for peak dis
charges on stations having drainage areas less than 
50 mi2. These studies compensated for the lack of data 
for small drainage areas by recommending not using 
flood-estimating methods for small drainage areas; 
limiting the frequency estimates to small recurrence 
intervals; increasing record lengths for small drainages 
by use of a rainfall-runoff model; or, using a compos
ite analysis of long-term data (primarily stations with a 
minimum of 40 years of record) with an analysis of 
long-term data combined with short-term, small drain-
age-area data. 

Frye and Runner, 1969.--This study estimated 
flood magnitude and frequency for rural, unregulated, 
streams in West Virginia by using relations presented 
in U.S. Geological Survey Water Supply Papers 1672 
(Tice, 1968) and 1675 (Speer and Gamble, 1965). The 
country-wide flood-frequency relations in these publi
cations were developed for regional or major river 
basins. The relations were recommended for use only 
on drainage areas greater than 50 mi2 in the Ohio 
River Basin and greater than 30 mi2 in the Potomac 
River Basin. 

Frye and Runner, 1970.--This study presented a 
method for estimating peak discharges using an ana
lytical technique similar to that proposed by Benson 
(1962). Peak-discharge data for rural, unregulated, 
streams in West Virginia with a minimum of ten years 
of record were analyzed. The analytical techniques 
were recommended for application only to drainage 
areas greater than 50 mi2 because there were not ade
quate data available from drainage areas less than 
50 mi2. 

Frye and Runner, 1971.--This study presented a 
method for estimating the 2-, 5-, and 10-year peak dis
charges for rural, unregulated, streams in the Ohio 
River Basin of West Virginia. Data from a small-
stream network with an average record length of 6 
years were correlated with long-term gaging-station 
data to correct for time bias. The relations were appli
cable only to streams with drainage areas between 1 
and 50 mi2. 

Runner, 1980b.--This study presented equations 
for estimating the 2-, 5-, 10-, 25-, 50-, 100-, and 500-
year peak discharges for rural, unregulated, streams in 
West Virginia. The flood-estimating equations were 
recommended for use for drainage areas between 0.3 
and 2,000 mi2. The frequency analyses in this study 
6 Estimating Magnitude and Frequency of Peak Discharges for Ru
were made using methods recommended by the U.S. 
Water Resources Council (1976), including adjust
ments to station-frequency determinations by applying 
weighted regional and station skews. The peak-dis
charge data from 170 gaging stations included data 
from Maryland and Virginia. Records of peak dis
charges for 15 stations with small drainage areas 
(ranging from 1.8 to 12.2 mi2) were synthesized to 
greater than 40 years of record (Runner, 1980a) by 
application of a rainfall-runoff model developed by 
Dawdy, Lichty, and Bergmann (1972). On the basis of 
regression analyses using 12 basin characteristics as 
independent variables, regional flood-frequency rela
tions were developed separately for stations with more 
than 40 years of record (including 15 small-drainage-
area stations for which at least a 40-year record was 
synthesized) and for all 170 stations. Three regions 
were delineated using an analysis of the regression 
residuals, and drainage area was determined as the 
only statistically significant independent variable. A 
composite of the relations for stations having greater 
than 40 years of record and all 170 gaging stations was 
determined. 

Development of Estimating Equations 

Annual peak discharge data and basin characteristics 
data for streamflow-gaging stations in West Virginia 
were quality assured and analyzed to determine the 
magnitude and frequency of peak discharges. The 
flood-frequency relations for the 100-year recurrence 
interval flood were regionalized by plotting the areal 
distribution of residuals from application of multiple 
and simple least-squares regression models. Indepen
dent variables described basin characteristics for each 
station location. Magnitude and frequency data for 
100-year recurrence interval floods in surrounding 
states were incorporated into the modeling and region
alization procedure. Areal distributions of residual 
plots from a regional regression of the 100-year peak 
discharges were used to help select data from sur
rounding states. These data were included with West 
Virginia data to produce the regional relations most 
applicable to West Virginia. The flood-estimating 
equations for all recurrence intervals were computed 
from a generalized least-squares regression model 
using the regions and independent variables deter-
mined from the analysis of the multiple and simple 
least-squares regression models of the 100-year recur
rence interval data. 
ral, Unregulated, Streams in West Virginia 



Peak Discharge Data 
Peak discharges for 160 rural, unregulated, West Vir
ginia streamflow-gaging stations having a minimum 
of 10 years of record through the 1997 water year (the 
period beginning October 1 of the previous year 
through September 30 of the indicated year) were 
available for this study. The peak-discharge values 
were quality assured by comparison with published 
values and by plotting the peaks to evaluate the stage-
discharge relations. Some peak discharges were esti
mated using data from nearby stations or were based 
on some on-site data to lengthen systematic and histor
ical records. 

Annual-peak discharge data are maintained in 
the U.S. Geological Survey’s “Peak File” data base 
available on the World Wide Web from the USGS 
United States NWIS-W Data Retrieval at 
http://waterdata.usgs.gov/. Through the 1960 water 
year, multiple years of peak data are published in the 
“USGS Water-Supply Paper” series of reports. Since 
the 1961 water year, peak data have been published 
annually in the “U.S. Geological Survey Water 
Resources Data - West Virginia” series of reports 
(series title has changed several times since 1961). 

Peak discharges were not available for the gag
ing station Shavers Fork at Cheat Bridge (03067500) 
for the minimum 10 years of record required for this 
study. The most recent period of record, 1992 through 
1997, does not have a stage-discharge relation devel
oped. The current period along with previous periods 
would exceed the minimum 10 years of record, but a 
rating could not be developed prior to this study. 

Peak discharges for the gaging station Cheat 
River at Rowlesburg (03070000) are a combination of 
records that either include or exclude flow from the 
tributary stream Saltlick Creek. Before the flood of 
November 5, 1985, peak-discharge data were collected 
at locations that include flow from Saltlick Creek, with 
a drainage area of 974 mi2. From November 6, 1985 
through September 30, 1996, peak-discharge data 
were collected at a location that excluded flow from 
Saltlick Creek, with a drainage area of 939 mi2. No 
data were collected at either of these locations during 
the 1997 water year. The station ratings were difficult 
to define accurately after November 5, 1985 because 
they were affected by scour throughout the range of 
stage. Peak discharges were not adjusted for the 4 per-
cent difference in drainage area (typically necessary to 
combine the records) because the rating definition dif
ficulties resulted in peak discharges with much greater 
than 4 percent uncertainties. For this study, peak-dis
charge data for the two locations were combined with-
out correction, using a drainage area of 974 mi2. 

Peak discharges for the 1979-1982 water years 
at the gaging station Right Fork Holly River at Guard
ian (03195100), and peak discharges for the 1979-
1982 and 1987-1997 water years at the gaging station 
Left Fork Holly River near Replete (03195250) were 
provided by the U.S. Army Corp of Engineers, Hun
tington District (Phillip E. Anderson, oral and written 
commun., 1997 and 1998). These peak discharges are 
included in the Peak File maintained by the U.S. Geo
logical Survey and are published in the 1998 annual 
water-data report for West Virginia (Ward and others, 
1999). 

Peak discharges for the gaging station Moody 
Moore Hollow near Huntersville (03181900) were 
previously incorrectly identified. The station is located 
at an unnamed tributary identified by local residents as 
Mack Butterball Hollow. The station name, latitude 
and longitude, and drainage area were revised to Mack 
Butterball Hollow near Huntersville; 38o 14’ 09” and 
79o 58’ 27”; and 0.10 square miles, respectively. The 
station number (03181900) remained the same, and all 
basin characteristics data were revised to apply to the 
correct location. 

Quality assurance.--The Peak File for West Vir
ginia gaging stations was compared with published 
values, and all discrepancies were corrected to pub
lished values. Stage-discharge relations were plotted 
for all entries in the Peak File (including partial peaks 
at and above base discharges where available) to study 
high-discharge ratings. This historical perspective of 
rating analysis indicated publication errors, rating 
analysis errors, and needs for improved rating defini
tion. All identified errors were corrected, and rating 
definition needs were met through streamflow-model 
applications and slope-conveyance rating extension 
techniques (Rantz, and others, 1982). Revised peak 
discharges are published in the 1997 and 1998 annual 
data reports (Ward and others, 1998; Ward and others, 
1999). For this study, the quality-assurance procedures 
were not applied to data from stations outside of West 
Virginia. 

Peak discharge estimates.--Peak discharges at 
nearby stations on the same stream (having less than 
10 percent difference in drainage area) and operating 
during different time periods were combined into a 
single time-series record using drainage-area weight
ing techniques at one or both stations. Peak discharges 
Development of Estimating Equations 7 



for major flood events at discontinued stations where 
gaging stations were operating upstream and down-
stream from the discontinued station were estimated 
based on comparison of unit-peak discharges
[in (ft3/s)/mi2] for each flood event. Peak discharges 
for historical floods were estimated for stations having 
some at-site data (stage or reference notes by USGS 
hydrographer comparing magnitude of different 
floods) with sufficient peak discharges of other floods 
to develop flood-specific regional trends in unit-peak 
discharges. Unit-peak discharge trends were used to 
estimate unit-peak discharges at stations for regional 
historical floods prior to 1930. Peak discharges were 
estimated by multiplying the estimated unit-peak dis-
charge by the station drainage area. Estimated peak 
8 Estimating Magnitude and Frequency of Peak Discharges for
discharges are published in the 1997 and 1998 annual 
data reports (Ward and others, 1998; Ward and others, 
1999).
Figure 3. Mean annual precipitation in West Virginia (1931-55).
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Basin Characteristics Data
Eleven basin characteristics for 160 rural, unregulated, 
West Virginia streamflow-gaging stations having a 
minimum of 10 years of record through the 1997 water 
year were available for this study (locations of gaging 
stations are shown on pl. 1). Information for stations in 
surrounding states were acquired to augment West Vir-
ginia data. Various methods were used to check basin 
characteristics data. Basin characteristics for gaging 
stations in West Virginia were compared with pub-
lished values and interpolated from maps, and some-
 Rural, Unregulated, Streams in West Virginia



values were checked through reevaluation of 
characteristics. 

The U.S. Geological Survey “Streamflow/Basin 
Characteristics” data base generally contains variables 
that (1) quantify statistical summaries of daily-mean 
discharges and peak discharges, and (2) describe the 
basin at and upstream from a gaging station by quanti-
fying topographic map features and interpreting clima-
tological iso-maps. These are variables that intuitively 
can be assumed to affect streamflow (Thomas and 
Benson, 1969). This data base is not maintained on an 
annual basis and is not available on the World Wide 
Web. Contents from this data base for 160 gaging sta-
tions in West Virginia and 113 gaging stations selected 
from surrounding states are presented in tables 1, 2, 
and 3 located near the end of this report.

Basin characteristics found to be significant 
independent variables in recent regression analyses of 
data from West Virginia gaging stations were drainage 
area (Runner, 1980b; Wiley, 1987; and, Friel and oth-
ers, 1989), mean basin elevation (Wiley, 1987), and 
streamflow variability index (Friel and others, 1989). 
Eleven basin characteristics were used to describe the 
basins at and upstream from West Virginia gaging sta-
tions. These basin characteristics are listed in table 1 
and were considered for the correlation and regression 
analyses. 
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Figure 4. Precipitation intensity in West Virginia.
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1. Drainage area, in square miles (mi2), deter-
mined by tracing basin boundaries on a U.S. Geologi-
cal Survey 1:24,000-scale topographic map and 
measuring the enclosed area, or by reading from a 
report of tabulated drainage areas (Mathes, 1977; Wil-
son, 1979; Mathes and others, 1982; Preston and 
Mathes, 1984; Stewart and Mathes, 1995; Wiley and 
Hunt, 1995; Wiley, 1997);

2. Main-channel slope, in feet per mile (ft/mi), 
determined from a U.S. Geological Survey 1:24,000- 
or 1:62,500-scale topographic map as the slope 
between points along the main stream channel 
located10 and 85 percent of the distance from the gag-
ing station to the basin divide;
10 Estimating Magnitude and Frequency of Peak Discharges fo
3. Stream length, in miles (mi), determined 
from a U.S. Geological Survey 1:24,000- or 1:62,500-
scale topographic map as the length of the main stream 
channel from the gaging station to the basin divide; 
          4. Mean basin elevation, in feet above mean sea 
level, determined by averaging elevations read from a 
U.S. Geological Survey 1:24,000- or 1:62,500-scale 
topographic map at 20-80 grid crossings selected from 
the placement of a square grid over a delineated basin;
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Figure 5. Mean annual snowfall in West Virginia through 1960.
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5. Forested area, in percent, determined by 
dividing the number of grid crossings at forests (area 
shaded with green) shown on a U.S. Geological Sur-
vey 1:24,000- or 1:62,500-scale topographic map by 
the total 20-80 grid crossings selected from the place-
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ment of a square grid over a delineated basin, then 
multiplying by 100;

6. Mean annual precipitation, in inches, deter-
mined by visually integrating an isohyetal map (fig. 3) 
published by the U.S. Department of Commerce 
(1960) over the area of a delineated basin;

7. Precipitation intensity, in inches per 24 
hours occurring on an average of once every two 
years, determined by visually intergrating an isohyetal 
map (fig. 4) modified from that published by the U.S. 
Department of Commerce (1961) over the area of a 
delineated basin. (This isohyetal map was modified by 
interpreting isograms for 2.6, 2.7, 2.8, and 2.9 in.);
8. Mean annual snowfall, in inches, deter-
mined by visually integrating an isohyetal map (fig. 5) 
published by the U.S. Department of Commerce 
(1968) over the area of a delineated basin;

9. Mean minimum January temperature, in 
degrees Fahrenheit (oF), determined by visually inte-
grating an isothermal map (fig. 6) published by the 
U.S. Department of Commerce (1960) over the area of 
a delineated basin;

10. Local station slope, in feet per mile (ft/mi), 
determined by measuring the distance between topo-
graphic contour-line crossings along the main channel 
upstream and downstream from a gaging station 
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Figure 6. Mean minimum January temperature in West Virginia (1931-52).
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located on U.S. Geological Survey 1:24,000-scale 
topographic map, and dividing the difference in eleva
tions between the contour lines by that distance; and, 

11. Streamflow variability index, determined 
either (1) as the standard deviation of the log10 trans-
formations of the 5-, 15-, 25-, 35-, 45-, 55-, 65-, 75-, 
85-, and 95-percent flow durations for gaging stations 
having daily mean discharges computed, or (2) by 
visually integrating a variability index boundary map 
published by Friel and others (1989) over the area of 
adelineated basin for gaging stations not having daily 
mean discharges computed. 

Basin characteristics data for surrounding states 
(table 1) were obtained from the most recent U.S. 
Geological Survey flood-frequency studies in these 
states (Bisese, 1995; Choquette, 1988; Dillow, 1996; 
Flippo, 1982; and, Koltun and Roberts, 1990), from 
the USGS “Streamflow/Basin Characteristics” data 
base, and from correspondence with USGS colleagues 
K.J. Ruhl (Kentucky, 1997) and J.A. Dillow (Mary-
land, 1997). Not all selected basin characteristics data 
were readily available for surrounding states, and 
these data were not determined for the correlation and 
regression analyses. 

Quality assurance.--The USGS “Streamflow/ 
Basin Characteristics” data base for West Virginia 
gaging stations was quality assured for the 11 basin 
characteristics listed in table 1 and for the peak-flow 
statistics determined by the magnitude and frequency 
analysis listed in tables 2 and 3. All drainage areas 
were compared to those published in the most recent 
reports (Mathes, 1977; Wilson, 1979; Mathes and oth
ers, 1982; Preston and Mathes, 1984; Stewart and 
Mathes, 1995; Wiley and Hunt, 1995; Wiley, 1997). 
About 5 percent of the values for main-channel slope, 
stream length, mean basin elevation, and percent for
ested area were checked. The values for percent for
ested area were corrected for two small-drainage 
stations, and the quality-assurance process for percent 
forested area was expanded to include about 25 per-
cent of the small-drainage stations, with only one addi
tional error found. All values for mean annual 
precipitation, precipitation intensity, annual snowfall, 
and mean minimum January temperature were 
checked with re-interpolations of maps or corrected to 
that value. Many of the basin characteristics interpo
lated from the maps required modification because 
different maps were used or visual integration over the 
basin had not been done (the value from the map for 
the location of the gaging station may have been 
12 Estimating Magnitude and Frequency of Peak Discharges for 
entered instead of a basin average). All values for 
peak-flow statistics determined by the magnitude and 
frequency analysis were checked against those in the 
data base or corrected to that value. All streamflow 
variability indexes published by Friel and others 
(1989) were checked against those in the data base or 
corrected to that value. These quality-assurance proce
dures were not applied to data from stations outside of 
West Virginia. 

Magnitude and Frequency Analysis 
The magnitudes and frequencies of peak discharges at 
160 streamflow-gaging stations on rural, unregulated, 
streams in West Virginia, for which a minimum of 10 
years of record through 1997 was available (pl. 1 in 
pocket), were determined following the guidelines 
(Bulletin 17B) established by the Interagency Advi
sory Committee on Water Data, Water Resources 
Council (1982). The systematic streamflow records for 
those stations were analyzed, both visually and statisti
cally, for trends. Data from gaging stations in sur
rounding states were used to augment the West 
Virginia data. 

The Pearson Type III probability curve is 
assumed to fit to the log10 transformed systematic 
annual-peak series for a given gaging station. Regional 
general skew was obtained from the national skew 
map provided in Bulletin 17B. Regional general skew 
is weighted with station skew to adjust the probability 
curve. Additionally, high-outlier, low-outlier, and his
torical peak assessments are made to adjust the 
annual-peak series. Mixed populations, such as floods 
from snowmelt and those from tropical storms or hur
ricanes, were not separately analyzed. Selected statis
tics from the magnitude and frequency analyses for the 
160 gaging stations in West Virginia and 113 gaging 
stations selected from surrounding states are listed in 
table 2 (at the end of this report). The 2-, 5-, 10-, 25-, 
50-, 100-, 200-, and 500-year peak discharges for the 
160 gaging stations in West Virginia and 113 gaging 
stations in surrounding states are listed in table 3 (also 
at the end of this report). 

Typically, the magnitude of a flood frequency 
increases with increasing drainage area. For floods 
with recurrence intervals greater than 10 years, how-
ever, the frequencies calculated for the station Tygart 
Valley River near Dailey (03050000) are greater than 
those for the station Tygart Valley River near Elkins 
(03050500), although the drainage area for Tygart Val-
ley River near Dailey (185 mi2) is less than the drain-
Rural, Unregulated, Streams in West Virginia 



age area for Tygart Valley River near Elkins (271 mi2) 
(tables 1 and 3). This inconsistency may be due to the 
wide floodplain along the river between Daily and 
Elkins, which contrasts with the more mountainous 
and narrower floodplains upstream from Daily, and 
therefore increases the stream storage and attenuates 
the flood peak. The inconsistency may occur also 
because the frequency analysis for each station is 
based on different time periods, thus creating a time-
sampling error. 

All systematic annual peak-series data for West 
Virginia were plotted against time and visually 
inspected to detect trends, outliers, and nonhomogene
ity. Visual inspection of data for the gaging station 
Poplar Fork at Teays (03201410) indicated nonhomo
geneity. The data for 1967-1978 had higher annual 
peaks than the data for 1992-1997. This nonhomoge
neity was caused by a rating error for the period 1967-
1978. The annual peaks for the period 1967-1978 were 
revised, but this data still had higher annual peaks than 
data for 1992-1997. It is not clear if this difference is 
due to nonhomogeneity or due to a time-sampling 
error. The entire period of record for this station was 
used in this study, but collection of additional years of 
record at this location is needed to ensure that homo
geneity exists in this annual-peak series. 

Some regulation has occurred upstream from 
the gaging station on Deckers Creek at Morgantown 
(03062500) since about the 1991 water year. The 
extent to which regulation affects the peak discharges 
was investigated by plotting peak discharges at Deck
ers Creek at Morgantown against peak discharges at 
Cobun Creek at Morgantown (03062400) before and 
after the 1991 water year. The plot showed the same 
relationship before and after the 1991 water year, indi
cating that the effects to peak discharges are insignifi
cant at Deckers Creek at Morgantown (there are no 
known regulation effects to peak discharges at Cobun 
Creek at Morgantown). 

The randomness of the systematic annual-peak 
series (excluding historical peaks) was statistically 
tested to detect a trend using Kendall’s test for correla
tion (Kendall, 1975; Hirsch and others, 1982). The 
computer program SWSTAT (Surface Water STATis
tics), version 3.2, dated April 3, 1998 (Lumb and oth
ers, 1990; written commun. from USGS colleagues 
A.M. Lumb, W.O. Thomas, Jr., and K.M. Flynn, titled 
“Users manual for SWSTAT, a computer program for 
interactive computation of surface-water statistics,” 
June 15, 1995) was used to calculate Kendall’s tau and 
the level of significance (the probability or “p-value”). 
For the Kendall’s test for correlation, the hypothesis 
that there is no trend is tested. If the hypothesis fails to 
attain a particular level of significance, the hypothesis 
of no trend is rejected. For this study, the particular 
level of significance was selected as 0.05, so a trend is 
determined for an annual-peak series if the level of 
significance is less than 0.05. Kendall’s tau and the 
level of significance were determined for the annual-
peak series of 160 gaging stations in West Virginia 
(table 2). The peak series for 10 gaging stations (6.25 
percent of the 160 stations) indicated a trend. By 
chance, 8 stations would be expected to indicate a 
trend (5 percent of the 160 stations), so there is little 
difference between the number of stations analyzed as 
having a trend and the number of stations expected to 
show a trend by chance. No significance could be 
determined for the trend indicated at the 10 gages, and 
all 10 gages were retained for consideration in the data 
correlation and regional regression analysis. 

Virginia.--The magnitude and frequency of peak 
discharges (table 3) for Virginia gaging stations were 
determined by Bisese (1995). Peak-discharge statistics 
for Virginia stations (table 2) are limited because the 
published frequency discharges were not equivalent to 
those stored in the USGS “Streamflow/Basin Charac
teristics” data base; the data base contains statistical 
information for the magnitude and frequency analysis 
used to determine the frequency discharges. The 
authors of this report used the published discharges, 
but were unable to recreate the statistics without rean
alyzing the peak-discharge data, which was beyond 
the scope of this study. Data for the following gaging 
stations were not used for determining the final 
regional equations applicable to Virginia, but were 
considered for regional analysis in this study: 
02009500, 02011400, and 02011460. Data for 46 gag
ing stations in Virginia (pl. 1) were considered for the 
data correlation and regional regression analysis. 

Kentucky.--The magnitude and frequency of 
peak discharges (table 3) for Kentucky gaging stations 
were determined by Choquette (1988). The following 
gaging stations used in the Kentucky study were ini
tially selected for consideration in this study, but were 
eliminated from consideration because the stations had 
less than 10 years of systematic record: 03207965, 
03209300, 03210160, 03212515, 03216505, and 
03216564 (station 03216564 had 9 years of record that 
was lengthened to 60 years using synthetic data gener
ated by application of a rainfall-runoff model). The 
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200-year and 500-year peak discharges were not pub
lished in Choquette (1988), but were obtained from the 
USGS “Streamflow/Basin Characteristics” data base. 
Revisions and additions to basin characteristics data 
were provided by K.J. Ruhl, U.S.Geological Survey, 
oral and written commun., 1997. Data for 10 gaging 
stations in Kentucky (pl. 1) were considered for the 
data correlation and regional regression analysis. 

Maryland.--The magnitude and frequency of 
peak discharges (table 3) for Maryland gaging stations 
were determined by Dillow (1996). The following 
gaging stations were not used for the regional analysis 
in Maryland, but were considered for regional analysis 
in this study: 01595000, 01595500, 01596000, 
01600000, 01603000, 01613000, 01618000, and 
01638500. Station 01610105 was initially selected for 
consideration in this study, but was eliminated from 
consideration because the station had only 7 years of 
record available. The following gaging stations used in 
the Maryland study were selected for consideration in 
this study even though they are in carbonate areas: 
01617800, 01619475, and 01619500. These three gag
ing stations in carbonate-rock areas were considered 
because they do not exhibit short time lags between 
rainfall and runoff (J.A. Dillow, U.S. Geological Sur
vey, written commun., 1997), that is typical of streams 
in karst areas of West Virginia. The 200-year peak dis
charges were not published by Dillow (1996), but 
were obtained from the USGS “Streamflow/Basin 
Characteristics” data base. Revised magnitude and fre
quency data from that published by Dillow (1996) 
were determined for the following gaging stations 
(J.A. Dillow, written commun., 1997): 01596000, 
01600000, 01603000, 01613000, 01618000, and 
01638500. Data for 31 gaging stations in Maryland 
(pl. 1) were considered for the data correlation and 
regional regression analysis. 

Pennsylvania.--The magnitude and frequency of 
peak discharges (table 3) for Pennsylvania gaging sta
tions were determined by Flippo (1982). No frequency 
discharges were published, but were obtained from the 
USGS “Streamflow/Basin Characteristics” data base. 
Data for 4 gaging stations in Pennsylvania (pl. 1) were 
considered for the data correlation and regional regres
sion analysis. 

Ohio.--The magnitude and frequency of peak 
discharges (table 3) for Ohio gaging stations were 
determined by Koltun and Roberts (1990). The 200-
year and 500-year peak discharges were not published, 
but were obtained from the USGS “Streamflow/Basin 
14 Estimating Magnitude and Frequency of Peak Discharges for R
Characteristics” data base. Data for 22 gaging stations 
in Ohio (pl. 1) were considered for the data correlation 
and regional regression analysis. 

Data Correlation 
The 160 rural, unregulated, West Virginia streamflow
gaging stations having a minimum of 10 years of 
record through the 1997 water year were reduced to 
154 for correlation and regional regression analysis. 
Correlation procedures were used to identify indepen
dent variables with unique differences. Available data 
for 113 gaging stations in surrounding states aug
mented West Virginia data for correlation and regional 
regression analysis. 

Data from the following six gaging stations 
were not used for correlation and regional regression 
analysis: Elk River at Centralia (03195000) because 
the peak record for this station was used to lengthen 
the record for Elk River below Webster Springs 
(03194700); Twelvepole Creek at Wayne (03207000) 
because the peak record here was used to lengthen the 
record for Twelvepole Creek below Wayne 
(03207020); Tug Fork near Kermit (03214000) 
because the peak record here was used to lengthen the 
record for Tug Fork at Kermit (03214500); New River 
at Caperton (03185500) because the peak record here 
was used to lengthen the record for New River at Fay
ette (03186000); Cheat River near Morgantown 
(03071500) because the peak record for this station 
was used to lengthen the record for Cheat River near 
Pisgah (03071000); and Tuscarora Creek above Mar
tinsburg (01617000) because the station is located in a 
karst area of the State. 

The 11 basin characteristics describing the basin 
at and upstream from a gaging station (see Basin Char
acteristics Data section of this report) were log10 trans-
formed. Transformed and untransformed data were 
evaluated for collinearity using a Pearson Coefficient 
correlation matrix. Additionally, a shape factor, 
defined as the drainage area divided by the squared 
basin length, was log10 transformed, and transformed 
and untransformed values were evaluated for col
linearity. High correlations (absolute value of Pearson 
correlation coefficient greater than 0.80) were detected 
among log10 transformed drainage area, main-channel 
slope, and stream length. High correlations were also 
detected among log10 transformed main-channel 
slope, stream length, and local station slope. Addition-
ally, high correlations were detected between the 
untransformed values of drainage area and main-chan-
ural, Unregulated, Streams in West Virginia 



nel slope, and main-channel slope and local station 
slope. No high correlations were determined between 
any log10 transformed and any untransformed value. 
In the regional regression analysis, should a pair of 
highly correlated values become part of a regression 
equation, consideration will be given to eliminate one 
of the values from the equation. (No pair of highly cor
related values become part of a regression equation.) 

Regional Regression Analysis 
Multiple and simple least-squares regression models 
for the log10-transformed 100-year discharge with 
independent variables describing the basin characteris
tics (both log10 transformed and untransformed val
ues) for each gaging station were evaluated, and 
residuals were plotted as areal distributions to deter-
mine regional boundaries. The final regional regres
sion equations for the 2-, 5-, 10-, 25-, 50-, 100-, 200-, 
and 500-year peak discharges (table 4) were deter-
mined by executing a generalized least-squares regres
sion model (Stedinger and Tasker, 1985; Tasker and 
Stedinger, 1989) (version 2.5) using the independent 
variables determined from application of the multiple 
least-squares regression model. 

Regional regression procedures for the 100-year 
discharge were completed for the entire data set and 
three regions (fig. 7) were delineated. A multiple least-
squares regression model for the log10-transformed 
100-year discharge using basin characteristics (both 
log10 transformed and untransformed values) as the 
independent variables was evaluated. The most signif
icant independent variable was determined as drainage 
area. A simple least-squares regression model was 
evaluated for the log10-transformed 100-year dis
charge with log10-transformed drainage area as the 
only independent variable. Residuals from the simple 
least-squares regression analysis were plotted by lati
tude and longitude of the gaging station. Additionally, 
plots of drainage area against the 100-year discharges 
for individual basins were developed. The residual 
plots indicated areas of West Virginia with similar 
magnitudes of residuals. The plots of individual basins 
were grouped for the areas with similar magnitudes of 
residuals. The plots of individual basins not included 
in these groups were overlaid with each group to 
determine similarities (magnitudes and slopes of the 
plots). The groups were expanded to include all basins 
by choosing the group most similar with each basin 
plot, and a regional boundary was constructed along 
the basin boundary between groups. The multiple and 
simple regression procedures were repeated for each 
group (log10-transformed drainage area was the most 
significant independent variable in all cases), and plots 
were analyzed, until no additional regional boundaries 
could be identified. On the basis of these analyses, 
three regions were delineated-- East, North, and South. 

East Region.-Regional regression procedures 
for the log10-transformed 100-year discharge were 
completed for the East Region. The number of gaging 
stations included in the analysis of the East Region 
was reduced from 87 to 74 by the exclusion of 13 West 
Virginia, Virginia, and Maryland stations. Stations 
01637000, 01637500, 01638480, 01638500, 
01643700, 01644000, 01644100, and 01619475 were 
excluded because stations were located east of the 
eastern panhandle, and plots of drainage area against 
the 100-year discharge and high regression residuals 
indicated the stations in this geographic area were not 
representative of frequency discharges expected in 
West Virginia. Station 01617800 was not used because 
it is located in 100 percent carbonate rock (Dillow, 
1996, p. 30), and high regression residuals indicated 
the station was not representative of frequency dis
charges expected in West Virginia (the equations 
developed for West Virginia are not applicable in karst 
areas if excessive runoff is diverted into, outside, or 
within the basin through solution channels). Stations 
01610000, 01630000, 01618000, and 01636500 were 
excluded because these large drainage area stations 
(greater than 2,000 mi2) leveraged the regression anal
ysis, resulting in underestimating frequency dis
charges for smaller drainage areas. Log10-transformed 
drainage area was determined as the most significant 
independent variable. An areal plot of residuals did not 
indicate additional subregions. A generalized least-
squares regression model was executed with log10-
transformed drainage area as the independent variable 
to determine frequency-discharge equations for the 
East Region (table 4). 

North Region.-Regional regression procedures 
for the log10-transformed 100-year discharge were 
completed for the North Region. The number of gag
ing stations included in the analysis of the North 
Region was reduced from 70 to 62 by the exclusion of 
8 Ohio stations.These stations, 03110980, 03111450, 
03111455, 03111470, 03111490, 03111540, 03115710, 
and 03115600 were excluded because high regression 
residuals for stations located in the geographic area 
northwest of the Ohio River, away from the border 
with West Virginia, indicated they were not 
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 Table 4. Estimating equations and regression statistics determined from the regional regression analysis 

[Q(n) is the discharge in cubic feet per second for the (n)-year recurrence interval; A is the drainage area in square miles.] 

Standard error Average standard Average Equivalent Number of Range of 
Regression equation of the model, error of sampling, perdiction error, years of streamflow drainage area, 

in percent in percent in percent record stations in square miles 

Q(2)=62.6A0.842 

Q(5)=102A0.849 

Q(10)=133A0.855 

Q(25)=174A0.863 

Q(50)=206A0.869 

Q(100)=240A0.875 

Q(200)=276A0.881 

Q(500)=326A0.889 

Q(2)=138A0.724 

Q(5)=249A0.678 

Q(10)=341A0.653 

Q(25)=478A0.626 

Q(50)=594A0.609 

Q(100)=722A0.594 

Q(200)=862A0.580 

Q(500)=1069A0.563 

37.7 8.3 

32.4 8.9 

30.7 9.5 

30.3 10.6 

31.0 11.3 

32.2 12.0 

34.0 12.9 

36.8 14.1 

27.0 6.9 

26.6 7.3 

26.7 8.0 

27.6 8.6 

28.5 8.9 

29.7 9.5 

31.1 10.3 

33.2 11.1 

East Region 

38.8 

33.7 

32.3 

32.3 

33.2 

34.6 

36.6 

39.8 

North Region 

28.0 

27.7 

28.0 

29.0 

29.9 

31.3 

32.9 

35.2 

South Region 

2.3 

5.2 

8.3 

12.6 

33.2 

17.4 

18.8 

20.0 

3.3 

4.7 

6.3 

8.3 

9.5 

10.5 

11.2 

11.8 

74 0.22-1,486 

62 0.13-1,516 

Q(2)=95.4A0.785 38.4 7.3 39.2 1.6 

100 0.10-8,371 

Q(5)=153A0.772 35.8 7.3 36.6 2.7 

Q(10)=197A0.766 35.3 8.0 36.3 3.8 

Q(25)=257A0.759 35.9 8.6 37.0 5.3 

Q(50)=305A0.755 37.0 8.9 38.2 6.2 

Q(100)=355A0.751 38.5 9.5 39.9 6.9 

Q(200)=408A0.748 40.3 10.0 41.7 7.4 

Q(500)=481A0.744 43.1 10.8 44.7 7.9 
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representative of frequency discharges expected in 
West Virginia. Log10-transformed drainage area was 
determined as the most significant independent vari-
able. An areal plot of residuals did not indicate addi-
tional subregions. A generalized least-squares 
regression model was executed with log10-trans-
formed drainage area as the independent variable to 
determine frequency-discharge equations for the North 
Region (table 4).

South Region.-Regional regression procedures 
for the log10-transformed 100-year discharge were 
completed for the South Region. The number of gag-
ing stations included in the analysis of the South 
Region was reduced from 110 to 100 by the exclusion 
of 10 Virginia stations. Stations 03207400, 03207500, 

03207800, 03208500, 03208950, and 03209000 were 
not used because high regression residuals for these 
headwater streams of the Levisa Fork, which tend to 
be more rocky than the sandy streams common in the 
South Region, indicated that stations in this geo-
graphic area were not representative of frequency dis-
charges expected in West Virginia. Stations 02009500, 
02011400, and 02011460 were excluded because a 
high regression residual resulted for station 02009500, 
and Bisese (1995, p. 45) had omitted all three of these 
stations from the regional regression analysis for Vir-
ginia. Station 02012950 was excluded because it is 
located in carbonate rock (D.C. Hayes, U.S. Geologi-
cal Survey, oral commun., 1999) (the equations devel-
oped for West Virginia are not applicable in karst areas 
Development of Estimating Equations 17



if excessive runoff is diverted into, outside, or within 
the basin through solution channels), and a high 
regression residual indicated the station was not repre
sentative of frequency discharges expected in West 
Virginia. Log10-transformed drainage area was deter-
mined as the most significant independent variable. 
An areal plot of residuals did not indicate additional 
subregions. A generalized least-squares regression 
model was executed with log10-transformed drainage 
area as the independent variable to determine fre
quency discharges for the South Region (table 4). 

Estimating Procedure 

How frequency-discharge estimates are obtained 
depends on whether the stream location of interest is at 
a streamflow-gaging station, on an ungaged stream, or 
on the same stream as a nearby gaging station. The 
estimating procedure is not applicable on urbanized 
and regulated streams, and caution should be used if 
the stream is heavily affected by mining or located in a 
karst area. 

If the location is at a gaging station, table 3 is 
used to read the frequency discharges directly (the 
appropriate equation and weighting factors have been 
applied). No weighted value is presented in table 3 for 
one of the two stations on the same stream that were 
combined into a single time-series record. For this 
case, the station location without a weighted value pre
sented should be analyzed as “on the same stream as a 
nearby gaging station.” No weighted value is pre
sented in table 3 for Tuscarora Creek above Martins-
burg (01617000). Because the station is located in a 
karst area of the State, the frequency of the systematic 
record (S) should be used directly. If the location is on 
an ungaged stream, the desired regional regression 
equation is evaluated for the appropriate region. If the 
location is on the same stream as a nearby gaging sta
tion, discharges are determined at the ungaged loca
tion from the desired regional regression equation and 
then adjusted by a factor that related differences 
between the ungaged and gaged locations. 

At a streamflow-gaging station.--A frequency 
discharge at a gaging station is determined by reading 
the weighted (W) value directly from table 3. For 
example, the weighted 100-year discharge at the gag
ing station Greenbrier River at Alderson (03183500) is 
given as 82,100 ft3/s. This discharge was calculated by 
weighting (1) the discharge determined from the sys
tematic and historical record (S), using the guidelines 
18 Estimating Magnitude and Frequency of Peak Discharges for R
established by the Interagency Advisory Committee 
on Water Data, Water Resources Council (table 3), and 
(2) the discharge determined by the appropriate 
regional (R) regression equation (table 3). The weight
ing technique considered (1) the number of years of 
peak-discharge record (summation of the number of 
years of systematic record, the number of historical 
peaks, and the number of high-outlier peaks from 
table 2 located at the end of this report), and (2) the 
number of equivalent years of record (an estimate 
given in table 4 of the number of systematic years of 
record collected at a gaging location necessary to cal
culate frequency discharges with an accuracy equal to 
that of the regional regression equation). The follow
ing equation was used: 

Qw = (QsN + QrE) / (N + E), 

where 
Qw is the weighted discharge in cubic feet per 
second; 
Qs is the frequency discharge in cubic feet per 
second determined from the systematic and his
torical record using the guidelines established 
by the Water Resources Council; 
Qr is the frequency discharge in cubic feet per 
second determined by the regional regression 
equation; 
N is the number of years of peak-discharge 
record; and 
E is the equivalent years of record. 

On an ungaged stream.--A frequency discharge 
on an ungaged stream is determined by applying the 
desired regional regression equation for the appropri
ate region (table 4). For example, the 10-year dis
charge of Fishing Creek just downstream from the 
confluence of North and South Forks of Fishing Creek 
in Wetzel County (Pine Grove 71/2-minute U.S. Geo
logical Survey topographic map) can be calculated as 
follows: 

1. The stream is located in the North Region as 
determined from figure 7; 
2. The 10-year regression equation for the North 
Region is selected from table 4 as: 

Q(10)=341A0.653, 
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where 
Q(10) is the 10-year frequency discharge in 
cubic feet per second, and 
A is the drainage area in square miles. 

3. The drainage area is determined by measuring 
the area on a topographic map or by reading 
from the U.S. Geological Survey drainage-area 
report (Wiley, 1997, page 30) as 113.92 mi2; 
and 
4. The 10-year regression equation for the North 
Region is evaluated as 7,510 ft3/s. 

On the same stream and near a gaging station.-
A frequency discharge on the same stream and near a 
gaging station (where near is between 50 and 150 per-
cent of the drainage area at the gaged location) is 
determined by adjusting the frequency discharge 
determined from the regional equation by a factor 
relating (1) drainage areas, and (2) weighted and 
regional regression discharges (Hannum, 1976; Glat
felter, 1984). For example, the 50-year discharge of 
Coal River just downstream from the confluence of 
the Little Coal and Big Coal Rivers in Kanawha 
County (Alum Creek 71/2-minute U.S. Geological 
Survey topographic map) can be calculated as follows: 

1. The drainage area is determined by measur
ing the area on a topographic map or by reading 
from the U.S. Geological Survey drainage-area 
report (Mathes and others, 1982, page 196) as 
830.02 mi2, which is 96 percent (between 50 
and 150 percent) of the drainage area given in 
table 1 (862 mi2) for the gaging station Coal 
River at Tornado (03200500); 
2. The weighted 50-year discharge for Coal 
River at Tornado (03200500) is read directly 
from table 3 as 43,700 ft3/s (see discussion 
above for calculations at a gaging station), and 
the regional 50-year discharge is read directly 
from table 3 as 50,000 ft3/s; 
3. The 50-year discharge for the Coal River just 
downstream from the confluence of the Little 
Coal and Big Coal Rivers is determined from 
the equation given in table 4 as 48,800 ft3/s 
(South Region, drainage area of 830.02 mi2: see 
discussion above for an ungaged stream); 
4. The correction factor for the gaged location 
is determined as 0.874 from the 
following equation: 

Cg = Qw / Qr , 

where 
Cg is the correction factor for the gaging station 
location; 
Qw is the weighted frequency discharge in cubic 
feet per second read from table 3; and 
Qr is the regional regression discharge in cubic 
feet per second read from table 3; 

5. The correction factor for the ungaged location 
is determined as 0.883 from the following equa
tion: 

Cu = Cg - [ (2 |Ag - Au|) / Ag ] (Cg - 1), 

where 
Cu is the correction factor for the ungaged loca
tion; 
Cg is the correction factor for the gaging station 
location (see previous equation); 
Ag is the drainage area in square miles at the 
gaging station location read from table 1; 
Au is the drainage area in square miles at the 
ungaged location; and 
|Ag - Au| is the absolute value of the difference 
between the drainage area in square miles (mi2) 
at the gaging station location and the drainage 
area in square miles (mi2) at the ungaged loca
tion; and 

6. The adjusted 50-year discharge for the Coal 
River just downstream from the confluence of 
the Little Coal and Big Coal Rivers is deter-
mined as 43,100 ft3/s from the following equa
tion: 

Qa = CuQu , 

where 
Qa is the adjusted frequency discharge in cubic 
feet per second; 
Cu is the correction factor for the ungaged loca
tion (see previous equation); and 
Qu is the regional regression discharge at the 
ungaged location in cubic feet per second. 
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Accuracy of Flood-Estimating Equations	

Accuracy of estimating equations are quantified by 
measuring the average prediction error and equivalent 
years of record (Hardison, 1969, 1971). The average 
prediction error ranged from 27.7 to 44.7 percent, and 
the equivalent years of record ranged from 1.6 to 20.0. 
These accuracy measurements are included with the 
regression statistics summarized in table 4. 

Average prediction error.-- Average prediction 
error is the square root of the sum of the squared stan-
dard error of the model (the portion of the total error 
due to an imperfect model) and average squared stan-
dard error of sampling (the portion of the total error 
due to estimating model parameters from a sample) in 
log units. The calculations involved in estimating the 
average prediction error are explained in Tasker and 
Stedinger (1989) and in Appendix 1 of this report. The 
average prediction error is within 3.0 percentage 
points of the standard error of the model for all regres-
sion equations presented in table 4, indicating that 
addition of the average standard error of sampling to 
the standard error of the model accounts for very little 
additional unexplained variance of the frequency dis-
charge estimate. 

The average prediction error is the square root 
of the average of individual squared standard errors of 
prediction. Individual standard errors of prediction for 
20 Estimating Magnitude and Frequency of Peak Discharges for
the regression equations can be determined as 
described in Appendix 1(Koltun and Roberts, 1990, 
Appendix A; and Hodge and Tasker, 1995, p. 37-42). 
This method was applied to each regression equation 
shown in table 4 to investigate the variation of the 
individual standard errors of prediction and compare 
the individual standard errors of prediction to the aver-
age prediction error. For the regression equations 
developed in this study, it is not worthwhile to com-
pute individual standard errors of prediction, because 
the difference between the individual standard errors 

of prediction and average prediction error is insignifi

cant.


The variation of the individual standard errors

of prediction over the range of drainage areas for the 

regression equations was compared to the average pre-

diction error (fig. 8). The individual standard errors of 

prediction increase for drainage areas less than and

greater than about 100 mi2 (where the individual stan

dard errors are less than 1.1 percentage points less than

average prediction error) for all regression equations. 

The maximum individual standard errors of prediction

for the maximum drainage areas are within 0.5 per-

centage points of the average standard error of predic

tion for all regression equations. The maximum 

individual standard errors of prediction for the mini-
mum drainage areas are less than 5.4 percentage points 
greater than the average prediction error for all regres-
 Rural, Unregulated, Streams in West Virginia 



sion equations. The individual standard errors of pre-
diction are about equal (within 0.4 percentage points) 
to the average prediction error at 10 mi2 for all regres
sion equations. In summary, the individual standard 
errors of prediction are within 1.1 percentage points of 
the average prediction error for drainage areas greater 
than 10 mi2, and the individual standard errors of pre-
diction increase to a maximum of 5.4 percentage 
points greater than the average standard error of pre-
diction at the minimum drainage areas. 

Equivalent years of record.-- Equivalent years 
of record (table 4) is an estimate of the number of sys
tematic years of record that must be collected at a gag
ing location to calculate frequency discharges with an 
accuracy equal to that of the regional equation. Equiv
alent years of record is a weighting factor that is 
applied when determining frequency discharges at 
gaging stations (see Estimating Procedure section of 
this report). 

Limitations of Flood-Estimating Equations 

Equations developed in this study are only applicable 
to rural, unregulated, streams located within the 
boundaries of West Virginia. The equations should not 
be applied to urban areas having paved surfaces, con
crete channels, or culverts. The equations should not 
be applied to streams regulated by dams, or large lakes 
and ponds. Equations are not applicable to heavily 
mined areas if excessive runoff is diverted into or out-
side the basin, retained along strip benches, or retained 
underground. Equations are not applicable to karst 
areas if excessive runoff is diverted into, outside, or 
within the basin through solution channels or other 
cavities in carbonate (limestone and dolomite) rocks. 
Jones (1997) describes the locations of karst areas in 
eastern counties of West Virginia including Mononga
lia, Preston, Barbour, Tucker, Grant, Mineral, Hardy, 
Hampshire, Morgan, Berkeley, Jefferson, Randolph, 
Pendleton, Pocahontas, Greenbrier, Summers, Mon
roe, and Mercer (counties are presented in fig. 7). 

These equations should not be applied to 
streams where variables fall outside the range of val
ues used to develop the equations (table 4). The Poto
mac River, downstream from the confluence of the 
North Branch and South Branch, and the Shenandoah 
River, have drainage areas outside the range of values 
used to develop the East Region equations. These 
equations should not be applied to these stream loca
tions, but gaging-station frequency discharges 
(table 3) may assist in making frequency discharge 
estimates on these rivers. 

Summary 

The magnitude and frequency of peak discharge were 
determined for 160 rural, unregulated, West Virginia 
streamflow-gaging stations having a minimum of 10 
years of record through the 1997 water year. All sys
tematic annual-peak series data for West Virginia were 
plotted and visually inspected to detect trends, outli
ers, and nonhomogeneity. The randomness of the sys
tematic annual-peak series was statistically tested to 
detect monotonic trends, using Kendall’s tau. 

The 160 rural, unregulated, West Virginia gag
ing stations were reduced to 154 for correlation and 
regional regression analysis; five gaging stations were 
excluded from the analysis because peak data were 
used to lengthen records for other nearby gaging sta
tions, and one gaging station was excluded because it 
was located in a karst area. 

Eleven basin characteristics, a shape factor, and 
flood frequencies from 154 West Virginia gaging sta
tions were considered for regression analysis. West 
Virginia data were augmented with available basin 
characteristics and flood frequency data from the fol
lowing surrounding states: 46 stations in Virginia, 10 
stations in Kentucky, 31 stations in Maryland, 4 sta
tions in Pennsylvania, and 22 stations in Ohio. 

Multiple and simple least-squares regression 
models for the log10-transformed 100-year discharge 
with independent variables describing the basin char
acteristics (log10-transformed and untransformed val
ues) for 267 gaging stations were evaluated. Residuals 
were plotted as areal distributions to delineate bound
aries of three regions in West Virginia-- East, North, 
and South. Regression procedures identified 31 gaging 
stations not representative of discharges expected in 
West Virginia. Regional equations for the 2-, 5-, 10-, 
25-, 50-, 100-, 200-, and 500-year peak discharges 
were determined by executing a generalized least-
squares regression model using data from 236 gaging 
stations. Log10-transformed drainage area was the 
most significant independent variable for all Regions. 

Examples of application of the regional regres
sion equations were presented for three situations: at a 
gaging station; on an ungaged stream; and, on the 
same stream and near a gaging station. 

Accuracy of estimating equations were quanti
fied by measuring the average standard error of pre-
Limitations of Flood-Estimating Equations 21 



diction and equivalent years of record. The average 
standard error of prediction ranged from 27.7 to 44.7 
percent, and the equivalent years of record ranged 
from 1.6 to 20.0 years. Equations developed in this 
study are only applicable to rural, unregulated, streams 
located within the boundaries of West Virginia. Cau
tion should be used if equations are applied to heavily 
mined or karst areas. 
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Appendix 1. Accuracy of Estimating 
Equations 

The uncertainty or error in a prediction at an ungaged 
site may be estimated by partitioning the mean square 
error into the part due to having an imperfect model, 
γ2, and the part due to sampling error, MSEs (Tasker 
and Stedinger, 1989). The values for the standard error 
of the model, γ, are calculated in log (base 10) units. 
The standard error of the model can be transformed 
from log (base 10) units to percent by the formula: 

0.5 
SEmodel(in percent) = 00 e

(5.3019γ2 ) 
Ð 1 . 

The values for SEmodel (in percent) for each 
regional equation are shown in table 4. The sampling 
mean square error, MSEs, is the mean square error for 
a site due to estimating the true model parameters 
from observed flows at gaging stations in a region. 
The value of MSEs at a specific site can be estimated 
as follows: Denote the column vector of n logarithms 
of observed peak-discharge characteristics at n sites in 
a region by Y. For example, 

log Q50, 1 

log Q50, 2 
Y= … 

… 
log Q50, n 

in which, Q50,i represents the observed 50-year peak at 
the ith gaging station in the region. Further, let X rep
resent a (n by p) matrix of p-1 basin characteristics 
augmented by a column of ones at n gaging stations in 
a region, and let B represent a column vector of p 
regression coefficients. For example, in the North 
Region where drainage area, A, was the significant 
explanatory variable, 
1 log (A1) 

1 log (A2) 
X= … … 

… … 
1 log (An) 

aand B= . 
b 

The linear model can be written in matrix notation as 
Y=XB. 

The mean square sampling error, MSEs, for an 
ungaged site with basin characteristics given by the 
row vector x0 =[1 log(A0)], for example, is calculated 
as 

MSEs=x0{XTΛ-1X}-1x0
T 

in which Λ is the (n by n) covariance matrix associated 
with Y. The diagonal elements of Λ are model error 
variance, γ2, plus the time sampling error for each site 
i, (i=1,2,3,...n), which is estimated as a function of a 
regional estimate of the standard deviation of annual 
peaks at site i, the recurrence interval of the dependent 
variable, and the number of years of record at site i. 
The off-diagonal elements of Λ are the sample covari
ance of the estimated T-year peaks at sites i and j. 
These off-diagonal elements are estimated as a func
tion of a regional estimate of the standard deviation of 
annual peaks at sites i and j, the recurrence interval of 
the dependent variable, and the number of concurrent 
years of record at sites i and j (Tasker and Stedinger, 
1989). The (p by p) matrix {XTΛ-1X}-1 along with 
values of γ2 for each equation in table 4 is shown in 
table A1. The mean square error of a prediction, in 
square log (base 10) units, at a specific ungaged site 
can be estimated as 

MSEp = γ2 + MSEs . 

To estimate the average prediction error for a 
region, we compute MSEp for each gage site as if it 
were an ungaged site: we use its appropriate basin 
characteristic for x0 and compute an average for all the 
gaged sites then take the square root. This result, 



APElogs, is in log (base 10) units. The average predic
tion error, APE, in percent, can be calculated as 

APEpercent= 100 e 
(5.3019MSEp ) Ð 1 

0.5 

where MSEp is (ASElogs)
2. The values for APEpercent 

for each equation in each region is shown in Table 4. 
Consider the process of estimating error for a 

particular application of one of the regional equations 
in Table 4. Taking the example of the 2-year recur
rence interval matrix for the North region in table A1, 

MSEs = 

1 logA0 0.0020084 Ð0.00075628 1 , 

Ð0.00075628 0.00036696 log A0 

the resulting estimate of mean square error of predic
tion is the following scalar function of log A0: 

MSEp =	 0.013303 + 0.0020084 + 
2(-0.00075628 log A0) + 
0.00036696 (log A0 )2. 

A value of the independent variable, A0 = 0.13 square 
miles, gives: 

MSEp = 0.0169395, 

which in turn gives, 

APEpercent = 30.7, 

which differs from the average prediction error of 
28.0 percent (from Table 4) by 2.7 percent. This (and 
every) result falls within the shaded area of Figure 8. 
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Table A1. Matrix [χΤΛ−1 χ]−1 and values of γ2 for 
each flood-estimating equation by region and recur
rence interval. 

[These matrices and γ2 can be used to compute the standard error of a 
prediction, MSEp, as explained in the text of this appendix. Numbers are 
given in scientific notation-- for example, 0.20007E-02 = 0.0020007. γ2 is 
the model error variance.] 

North Region


2-year recurrence interval, γ2=0.13303E-01 
0.20084E-02 -0.75628E-03 
-0.75628E-03 0.36696E-03 

5-year recurrence interval, γ2=0.12949E-01 
0.22822E-02 -0.84774E-03 
-0.84774E-03 0.39985E-03 

10-year recurrence interval, γ2=0.13044E-01 
0.26152E-02 -0.96287E-03 
-0.96287E-03 0.44526E-03 

25-year recurrence interval, γ2=0.13754E-01 
0.31330E-02 -0.11444E-02 
-0.11444E-02 0.51998E-03 

50-year recurrence interval, γ2=0.14684E-01 
0.35698E-02 -0.12994E-02 
-0.12994E-02 0.58562E-03 

100-year recurrence interval, γ2=0.15916E-01 
0.40406E-02 -0.14679E-02 
-0.14679E-02 0.65835E-03 

200-year recurrence interval, γ2=0.17405E-01 
0.45409E-02 -0.16485E-02 
-0.16485E-02 0.73731E-03 

500-year recurrence interval, γ2=0.19717E-01 
0.52417E-02 -0.19032E-02 
-0.19032E-02 0.85011E-03 
ural, Unregulated, Streams in West Virginia 



Table A1. Matrix [χΤΛ−1 χ]−1 and values of γ2 for 
each flood-estimating equation by region and recur
rence interval - Continued. 

[These matrices and γ2 can be used to compute the standard error of a 
prediction, MSEp, as explained in the text of this appendix. Numbers are 
given in scientific notation-- for example, 0.20007E-02 = 0.0020007. γ2 is 
the model error variance.] 

East Region


2-year recurrence interval, γ2=0.25063E-01 
0.21930E-02 -0.75555E-03 
-0.75555E-03 0.42133E-03 

5-year recurrence interval, γ2=0.18821E-01 
0.23395E-02 -0.71568E-03 
-0.71568E-03 0.38529E-03 

10-year recurrence interval, γ2=0.17030E-01 
0.26231E-02 -0.75347E-03 

-0.75347E-03 0.40120E-03 

25-year recurrence interval, γ2=0.16603E-01 
0.31091E-02 -0.85245E-03 

-0.85245E-03 0.45213E-03 

50-year recurrence interval, γ2=0.17269E-01 
0.35485E-02 -0.95732E-03 

-0.95732E-03 0.50805E-03 

100-year recurrence interval, γ2=0.18625E-01 
0.40483E-02 -0.10854E-02 

-0.10854E-02 0.57726E-03 

200-year recurrence interval, γ2=0.20579E-01 
0.46052E-02 -0.12345E-02 

-0.12345E-02 0.65858E-03 

500-year recurrence interval, γ2=0.23954E-01 
0.54203E-02 -0.14597E-02 

-0.14597E-02 0.78256E-03 
Table A1. Matrix [χΤΛ−1 χ]−1 and values of γ2 for 
each flood-estimating equation by region and recur
rence interval - Continued. 

[These matrices and γ2 can be used to compute the standard error of a 
prediction, MSEp, as explained in the text of this appendix. Numbers are 
given in scientific notation-- for example, 0.20007E-02 = 0.0020007. γ2 is 
the model error variance.] 

South Region


2-year recurrence interval, γ2=0.22800E-01 
0.20219E-02 -0.66676E-03 

-0.66676E-03 0.29941E-03 

5-year recurrence interval, γ2=0.19504E-01 
0.21813E-02 -0.69687E-03 

-0.69687E-03 0.30203E-03 

10-year recurrence interval, γ2=0.18839E-01 
0.24508E-02 -0.76973E-03 
-0.76973E-03 0.32700E-03 

25-year recurrence interval, γ2=0.19356E-01 
0.28978E-02 -0.89799E-03 
-0.89799E-03 0.37538E-03 

50-year recurrence interval, γ2=0.20525E-01 
0.32851E-02 -0.10126E-02 
-0.10126E-02 0.42042E-03 

100-year recurrence interval, γ2=0.22225E-01 
0.37070E-02 -0.11395E-02 

-0.11395E-02 0.47132E-03 

200-year recurrence interval, γ2=0.24371E-01 
0.41598E-02 -0.12774E-02 

-0.12774E-02 0.52740E-03 

500-year recurrence interval, γ2=0.27829E-01 
0.48005E-02 -0.14747E-02 

-0.14747E-02 0.60864E-03 
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